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ABSTRACT 

This report  was prepared by the Douglas Aircraf t  Company, Inc,, to 

present the t e s t  procedures used for, and r e su l t s  of ,  qua l i f ica t ion  

tests of the ThermOeleCtrk Calorimeter Transducer, ‘Douglas Specifi- 

* 

cat ion Control No. ( S a )  lA96572-501, The transducer is manufactured 
6 

. .  
by the By-CaJ, Engineering Company as P/N C-13.6f-A-03, I 

The transducer was subjected to acoust ical  noise, acceleration, 

random vibrat ion,  shock, and humidity environments t o  verify that 

it would operate w i t h i n  the  specif ied requirements. 

The information i n  t h i s  repor t ,  presented i n  the form of a t e s t  , 
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qualification tests of the thermoelectric calorimeter transducer, 
* I  

Lu SCX lA96572-501. 

~, The transducer consists of a circular, black-coated heat sensing ele- 
ment of constantan metallurgically bonded t o  a threaded copper he;mt= 7 ,  

sink (figure 1). Two copper leads,.one welded concentrically to' 

the constantan sensing element and the other welded to the copper 

heat sink, are attached to connector pins, The millivolt dc output ' 

of the transducer, produced by the temperature differential'between 

' the two copper constantan thermocouple junctions, is proportional 

to the heating rate of the transducer. The transducer's maximum 

perating temperature is 200°F, and its full scale output requires I 

a heating rate input of 3 BTU/ft2-sec, The transducer's'output pro 

vides telemetry data on the heating rate at the area of trmaducer 

installation, installation, 

Three transducers are mounted in the aft skirt near the a€t ikter-' Three transducers are mounted in the aft skirt near the a€t ikter-' 
stage; between f i n  planes -1 and XV, with the sensing elements flush 

,- 
.I 

. with the stage outer surface.(figure 2 )  , 

The tests performed on the transducer and the results of the tests 

are summarized i n  paragraph 2 and described in detail in paragraph 

4, Laboratory data recorded during the tests are presented in the 

appendix. Operational requirements for the transducer are specified 

in paragraph 3 and any deviations from thesi requirements, or. from 

the environmental test requirements noted in the test summary tables 

of paragraph 2, are explained in paragraph 5. 

the conclusions drawn .from the results of' the tests, 

Paragraph 6 s t a t e s  
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ables provide a br ie f  s- 0 
a t iona l  tests pcrfonned t o  veri 

ental  t e s t  parameters and the resul 
with operational requirements, 

. .. Test Spechens: 
Two (2) calorimeter transducerg,SCX lx96572-501, S/N's 11931 and 11936 

-- --I_-- --_e----li__l--.--- ._^_ -- ... I .  _ _  .I 
- I------------ PARAMETERS 

*_ ------ 
-~ 

REQUIRED 
. -  

.Acoustical Noise: 
* .  S/N 11931 

30 minutes random noise environ- 
ment, 153.2 db overal l  spl in 
the 3745 t o  9600 cps frequency 
range 

Test Tolerance: +1, -2 db each 
octave band, 

Acceleration 

i 7g for 12 minutes in both Elirec- 
S/N 11931 

tions of each- a x i s  - 

, , I .  . ' .  
. , - .  . .  

, Random Vibration: 
! S/N 11931 
l-% minutes in each ax is  at th2 
following power spectral  densitq'# 
followed by 16 minutes in each 
axis at 3 ab less: 
20 - 30 CPS 
100-800 CPS 0,15 g /cps -- 
800-2000 cps -5 t 

0.02 gvcps 
30.- 100 CPS 95 &/Tt 

.power 
, '  I T e s t  tolerance: 3 

. .  

Same as requirements, except 
fur or deviations noted 
in paragraph 4.4.1. 

. .  

- 
\ 

I 

S m e  as requirements 

7 : . .  

Same as requirements 

Satisfactory, 
See paragraphs 4 - 4 - 1  
and 5; and pages SM- 
23, and SM-15 t h r u  17, 

Satisfactory, See 
paragraph 4.4 -2, and 
pages SM-17 and 18, 

- .  
Satisfactory, See 
paragraph 4 -4.3 and 
pages SM-17 and 18, 
and SM-24 thru 38, . _  

. -  - :  

. . .  - -  . 

. .  
- _  i 

IC__.. .. . . .r . ~ --T----- 
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2 ST SULP~~~ARY TABLES (Continued) 

ENVIRONMENTAL PARAMETERS 

ACTUAL TEST 

Same as' requirements 

Same as requirements, ex- 
cept: post t e s t  made a f t e r  
9th cycle,  followed by 3 
more cycles.  

. .  
Same as requirements 

Satisfactory. See 
paragraph 4 -4 .a1 and 
pages SM-18 and 19, 
and SM-39 thru 41. 
_-_____________.__ ~ __-. 

Satisfactory, See 
paragraph 4 -4 - 5  and 
5 ,  and pages SM-8# 
and SM-20 thm 22, 

Satisfactory, See 
paragraph 4.4.6 and 
pages SM-9 and 19, 
and SM-42 thru 49, 



I .  

I .  

, 
I .  

3.1 Transducer Output 

ma transducer o u t p u t  shalL be 13.5 2 2,s millivolt# 'Sox, a aalibrated ., .a , , . , 
' a  . 

* a  

I .  8 

' I  h i a t  flux input o f  3 BTU/ft2/second. 
I .  

0 ,  3 ;'a Continuity , '  

<. , ! 

. I , .  

lrho transducer res is tance,  measured between pins A and C, sha11,be' 
8 .) 

l e n s  than 20 ohms. I ,  . 
I -  

. .  
4.  TEST PROCXDURES AND RESULTS 

4-1 Ekwironmental Test Sequence .. 
I .  

T,m SCN lA96572-501 Thermoelectric Calorimeter Transducers a S/N!8 

13931 and 

h wing 
4 

S/N 

I .  

. .  11936, were subjected t o  environmental t e s t s . i n  the 

Random Vibration . 

Sawtooth Shock 

Operational Heat Flux 

4.2 Pre- and Post-Test Procedure 

Resistance and outpat of the transducer were measured and recorded 

before and a f t e r  each environmen-tal tes t ,  except t h a t  the pre-test  

vas omitted i f  l e s s  than 48 hours had elapsed since the preceding 

post- tes t ,  

1 .  

,. 

The resis tance between pins A and C Was measured and 

rded a t  arnbient temperature before i n s t a l l i n g  the transducer 
. .  

rded a t  arnbient temperature before i n s t a l l i n g  the transducer 
. .  



2 ;% 

- 2  Pre- and Post-Test Procedure (Continued) . .  I 

9 i n  a heat f lux box and exposing it t o  a ca l ibra t ion  heat flux of. ..* 

3 BTU/ft2/second f o r  10 seconds- 

ducer output was measured and recorded as a function of t i m e ,  using . 

at4 X-Y p lo t t e r .  The hea t  f l ux  procedure was repeated t w o  t o  four . 

During this  period, the trans- 

? 

times for each t e s t .  The transducer then was restabilized at a-ienk ’ 
f 

temperature and the resistance between pins,A and C was measured . .  

again. 

.* 
4-3 Test Specimen Mounting 

Each transducer was mounted i n  a t e s t  f ix tu re  simulating a 19  x 2 5 ’ -  

inch section of the aft s k i r t  of the Saturn S-IV for  all t e s t a  

except the  pre- and post- tes ts  and the operational hea t  f l u x  t e s t . ,  

Iden t i f i ca t ion  o f  axes for  appLicable t e s t s  w a s  as  shown on pages 

SM-12 .through 14, 

4.4 Environmental Test Procedures and Results 

4.4.1 Acoustical Noise Test 

The transducer and t e s t  f i x t u r e  were suspended with bungee cord in 

a 1000 cubic foot  acoust ical  reverberation chanber (page SM-4) for  

the acoustica2 noise t e s t ,  Three niicroplzonea suspcnded one foot  

- ,  

. ‘  

I 

from the transducer were used t o  monitor the acoustical  levels. 

Continuity also was monitored during the t e s t .  The random noise $ 

- 1  



Rc 1 Acous t ica l  Noise T e s t  (Con t inued)  
k9 Octave Band Center Freq. ( C p s )  

z 
- 2  

31.5 

63 

3 125 

4 250 
a 

5 500 

6 l K  

7 2 K  

8 4K 

9 8K . 

Sound Pressure 
Level (db) 

139 
. .  

142 

. P4'9 * 

'145 

14 3 

' 137 

'I , 

; .  
. .  

, 

I 

i. 

.'. ./ 
' .  , 
', 

overa l l  sound pressure l eve l  was maintained a t  the above octave 

levels for 30 mihutes 3 
Tho t e s t  produced no changes i n  the mechanical o r  e l e c t r i c a l  charac- 

t e r i s t i c s  of the transducer. The pre- and post- tes t  r e s u l t s  ar 

shown on pages SM-15 through 17. Page SM-23 is a graph of the 

zrithmetic average of the th ree  microphones t e  1s and the 0 

specif icat ion sound pressure leve ls  e 

4 -4 -2  Acceleration Test 

Tlte transducer and tes t  f i x t u r e  were subjected t o  an acceleration 

force - of 7g for 1 2  minutes in both d i rec t ions -o f  each of t h r e e  mutually 

perpendicular axes. The acceleration tes t  was' omplishecl without 

aily changes in the  transducer 's  cha rac t e r i s t i c s  The pre- and post- . 
J 

r e s u l t s  are shown on pages SM-17 and 18, 

3 



1 .  

4 .L& 3 Random Vibration T e s t  

pbr* mettransducer and t e s t  f i x tu re  were subjected t o  1 .5  minukes of , 

random vibrat ion i n  each of three mutually perpendicular axes. 

power spec t ra l  densi ty  program was w i t h i n  - + 3  db of the 'following 

The 
* ..- ' 

vibration prof i le .  
b.' 

20 - 30 CPS 

30 - 100 CPS 

0,02 g2/cps 

+5 db/octave 

100 - 800 CPS 0-15 &cps 

800 - 2000 CPS -5 db/octave 

. .  
The transducer was subjected t o  an addi t ional  random vibrat ion of ' :* ' 

* :  16 minutes i n  each of the three  axes, The power spec t ra l  density ~ ' 

program w a s  3 db l e s s  than t h a t  fo r  the 1.5 minute program above, 

The accelerometers were located on the  assembly as shown on pages 

SM-12, 13,  and 14. Continuity of tho transducer was monitored and 

recorded using the setup shown on page SM-10. Photographs of t e s t  ' 

setup a re  on pages' SM-5 and 6 ,  

There were no e l e c t r i c a l  o r  mechanical f a i lu re s  experienced by the I .  

transducer. The pre- and post- tes t  r e su l t s  are shown on pages SM-17 . 

and 18. The power spec t r a l  densities experienced by the  accelero- , I 

meters mounted on the t es t  f ix ture  a re  shown on'pages SM-24 through' 

- 38.  

I 44.4 Mechanical Shock Test 

The transducer and t e s t  f i x tu re  were subjected t o  nine sawtooth 

waveform shock pulses of 3553 zero-to-peak amplitude and 3. millisecond 

duration, Each shock pulse was generated 'by the vibration ,e 



I 
r :  -4 e4 Mechanical Shock Test (Continued) * I  

g a single sawtooth pulse from the sweep c i r c u i t  of a oscilloscope 

a:; the con t ro l  waveform, 

T - m  diagram O f  the shock test setup i s  shown on page S M - l l a  The 

transducer was shocked three times i n  one direct ion of each of three ' 

, . I .  
. . '  

, 
. 1  , .  

ititual2y perpendicular axes: , .  
. .  . .  , .  

1 

The shock t e s t  was completed without f a i l u r e  or damage t o  the t ians-  

ducer. Pre- and post- tes t  r e s u l t s  are  shown on pages SM-18 and 29. 

Ihotographs of the shock pulses i n  each axis are  shown on pages SM-39 

through 41, 

4-4.5 Humidity Test 

'me transducer and t e s t ,  f ix tures  were placed i n  a humidity chamber ' 

ge SM-79), s t ab i l i zed  a t  84O t 16OF and the r e l a t ive  humidity 

* '  

maintained a t  95% 2 5%. The temperature was gradually increased fo r  8 ,  

2 hours t o  160 2 4OF and held a t  t h i s  temperature for  6 hours. The 

temperature was then decreased for 16 hours t o  84OF. This 24 hour 

period constituted one cycle, After each cycle the resistance between 
pins. A and C was measured, the data recorded are shown'on page SM-21. , .  

After the 9th cycle,  the humidity post-test  was performed and the 

transducer was again placed i n  the chamber for  three more 'cycles. . 

Following the f i n a l  three cycles a second post- tes t  was performed. 

- The r e s u l t s  of the pre- tes t  and both post-tests are  shown on pages 

. .  SM-20 through 22. 

There were no appreciable changes i n  the continuity of the transducer 

.+ 

10 



4,4.5 Humidity Test (Continued) 

ahc outer surface of the heat  s i n k  was darkened s l i g h t l y  by a cor ro t  

s ive  coating and the sensing element surface showed some change from 

the humidity environment, 

Figure 1 shows the element before humidity exposure$, the photograph 

on page SM-8 shows the alernanf after exposure, 4 

When the transducer was removed from the humidity environment and 
. .  subjected t o  post- tes t  ca l ibra t ion  hea t  f lux,  . the  transducer output 

w a s  approximately 0.55 mi l l i vo l t s  more than the pre- tes t  value, but  

s t i l l  within tolerance. 

ment resul ted i n  the output returning t o  the pre-humidity value, as 

indicated by 'the previously referenced pre- and post- tes t  data pages. 

* 

Successive exposure t o  the heat  flux environ- 

The two transducers 'were exposed t o  a hea t  f lux  of 3 BTU/ft2/second 

f o r  8 minutes, The output of each transducer w a s  recorded, and the 

temperature of each transducer heat  s i n k  w a s  also-measured and re-  

corded, using the  output of a chrornel-alumel thermocouple adjacent 

to the  heat  sink, D a t a  recorded are  shown on pages SM-42 through 49, 

, After  2 minutes of operation, a j e t  of a i r  was used t o  prevent the heat 
. .  . .  sink from overheating. 

During the t e s t ,  the output of transducer S/N 11931 decreased 0,7 

mil l ivo l t s  from the i n i t i a l  value a f t e r  exposure t o  heat  f lux  f o r . 2  

minutes. After 8 minutes of hea t  exposure, t he  output w a s  3;l r n i l l i -  



i: .? .6 Oycrational Heat Flux Test (Continued) 
? *  

,' 
I' 

, /  . utput of transducer S/N 11936 decreased 1,2 mil l ivo l t s  a f t e r  2 

miautes of heat f l u x  exposure, The output decreased 3.7  mil l ivo l t s  

fram i ts  i n i t i a l  value a f t e r  8 minutes  of heat exposure. . (  

. *s. 

?Y.s heat  sink body temperature of both transducers increased almost 

LkaaZly f ~ r  *he f i r s t  2 minutes of heat; exposure, then becma almost 

constant a f t e r  a i r  was applied t o  the body (pages SM-87, SM-88, SM-90, 

SX-91, SM-92, and SM-94). 

During the t e s t  the o r ig ina l  black coating disappeared from the cent ra l  

area of the  sensing eiement surface of both transducers, exposing tlie 

constantan, as shown i n  the  photograph of S/N 11931 on page SM-9. . 

. *  

, .  

XSCUSSION . .  

Acoustical Noise 

me specif ied tolerances f o r  the acous t ica l  noise t e s t  (paragraph 

4-4.1) were +1, -2 db fo r  each octave band. 

of  the equipment conformed t o  the  tolerances i n  the 63 t o  1000 cps 

bands only: however,' the  ove ra l l  sound pressure leve l  was considered 

The control lable  range 

' sa t i s fac tory  fo r  the  remaining bands. 

5.2 Humidity 
. I  

. .  

Deviation from the specif ied ten  24-hour-cycle humidity t e s t  w a s  

necessi ta ted by t e s t '  scheduling; the nine and three 24-hour-cycle 

t e s t s  (paragraph 4-4.5)  were considered adequate t o  € u l f i l l  re-  

quirements a 
, (  

I .  ,- 

. ,  

I-- 

L I b 

12 
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.2 Humidity (Continued) 

e t e r i o r a t i o n  of  t h e  sens ing  element s u r f a c e s  d i d  n o t  a f f e c t  per- 

formance of t h e  specimens: a l l  s p e c i f i e d  o p e r a t i o n a l  requirements 

were f u l f i l l e d  du r ing  and a f t e r  t he  humidity t e s t .  However, ana lys i s  

of t h e  c r y s t a l l i n e  d e p o s i t s  on t h e  sens ing  element s u r f a c e s  were 

- performed. The cons tan tan  sens ing  elements ,  composed o f  4.0 perdent; 
2 .  

n i c k e l  and 60 p e r c e n t  copper ,  had y i e lded  n i c k e l  copper oxide 

( N i  Cu 02)  and n i c k e l  oxide ( N i O )  i n  the mois ture  laden a i r .  

5.3 Opera t iona l  Heat F lux  

. .  

During t h e  p o s t  t e s t  (paragraph 4.4.6) over-heating caused d e t e r i o r a -  

1 t i o n  of  the black c o a t i n g  on ‘ the  sens ing  element s u r f a c e s  r e s u l t i n g  ‘ 

i n  an ou t -o f - to l e rance  c o n d i t i o n  f o r  b o t h  specimens. S ince  the 

ver-heat ing w a s  caused by an abnormal t e s t  environment n o t  s imula t ing  

e a c t u a l  i n - f l i g h t  environment, Douglas engineer ing  cons ide r s  tha t  4.d 

t h e  specimens d i d  meet requirements  and t h a t  t h e  out -of - to le rance  

c o n d i t i o n  should be d i s rega rded .  

6 .  CONCLUSION 

Based on the q u a l i f i c a t i o n  t e s t  r e s u l t s  presented  i n  this  r e p o r t ,  

it is the conclus ion  of the Douglas A i r c r a f t  Company, Tnc., t h a t  the ,’ 
/’ 

Thermoelectr ic  Calor imeter  Transducer,  Douglas SCN 1A96572-501, 

w i l l  perform the i n  on the Sa tu rn  S-IV s t a g e .  I . 

13 
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Teats arere performed using %he following equipment. 

' A l l  Data acquis i t ion  equipment i s  cex%ified 
. .  I ,  

per requirements , 

a .  

specified i n  Military Specif icat ion MIL-C-45662A and NASA 
1 Qual.itp Publication NPC 2001.2. 

Manufacturer Model/Type S/N, T/N * . .  Description 

Accelerator ' Rucker RCT-2 I. a1480 

Charge Amplifier ' . Endevco 2628 HA16 

Charge Amplifier En devc o z 2628 . HA17 

Power Amplifier Ling cP3/4 . 3p611924-58 

Heat Flux Black Box Douglas -_ -- . 
Wheatstone Bri dge Leads & Northrup 5305 

Sound 'Level Calibrator General Radio 

Camera 

Humidity Chamber 
1 .  

Humidity Chamber 

Vibration Equipment MB 

Random noise 

EquaLi zer/Generator Allison 

Transistor Oscillator General Radio . 

Oscillograph 

Oscillograph ' Offher Electric 

Oscilloscope 

Oscilboscope . ' Tektronix 

x-Y Plotter 



. .. . .; ' , 
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The rmo e I ect r i c Ca I or i me t e r Aco u s t i ca I No i s e Test 
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Thermoelectr ic Calor imeter - Vibrat ion Test Set-up Random Vibration in Thrust Axis 
. .  
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THXJST AXIS 
Random Vibration 

' Tangential  M a  Ex%emsl Block 

Ho. 2 E32 35 Thrust Axis ' , External Block I 

Radial Axis Mermal, Block 1 

Thruat axie Hounting Plate . 

Thrust Axis Tea t  FixLure No, 5 88 . 

C0pII;pOl m a t  axQP External. Block 

Note: Control accqlsrometerte output was not recorded, The control 
profile is given by accelerometer Noe 2, 

. *  

-- --.---- - - -wzz?~-uk . lWu - 



Po, P 86: l4 Thrust Axis External Block 

wo. 2 Pz 25 , 

No. 3 Q7 Radial B x i s  External Block 

Tangential  Axis Extgtmal Block ' 
\ * .  

 NO^ 4 HB 52 , Tangential  Axia Mounting Plate,' - *  

HO. 5 HB 88 Tangential  Axis T e s t  Fixture  

C O A t Z W l  Tangential Axis External Block 

Note: The output of the control  accelerometer was not  recorded. 
The cont ro l  p r o f i l e  i s  given by accelerometer No, 2, 



WDIAL AXTS 
RsndOA Vibration 

C s r l h e M r  

Direction of 

h a a t i o n  of AC:CSPSX-O- ' AocslQromstorPe 
80Q@lC3WDA6t@T XMI~W'O Scmai(;jvB &xis  I Ucs t ion  on AosmbQ - 
No0 I lifc $4 Radial Axis External Block . *  

. .  
No* 2 Hc 25 Tangential Axis External Block . 

No. 3 $p1 67 . Thrust Axis , ' Ex te rna l  Block 
- I .  

NO. b HB 52 Tangential Axis Test Fixture 

go* 5 HB 88 Radial Axis 

cOA%POl Radial Axis 
. .  

)Tote: Control Acccleromotw1s output 
given by accelerometer #le 

Test Fixture Mounting Bolt 

Next t o  Calorimeter on 
' 

not  recorded, Control p r o f i l e  is 
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DOUGLAS AIRCRAFT COMPANY, INC. 
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d i g  k.* 
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1 
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P R E & P O S T a m n M - m L  TEST . PAGE - "hornocelectric Cd io r iwte r  fi-R--YSi:o 4 P D . I  
?EST FiO, S . O . 5 ~ D . W . O  D.R,O, 023 MODEL NO. 

OBJECT or w i s  DATA part; m r  1 ~ 3 1 5 - 5 0 1  
nu-- 

OBSERVER LABORATORY .%.--. ENGINEER && 

. I  : . ' ,  , .  . .  . ,  

,. . 

. .  . ,  

Acoustical Noise Pre-Environmental Test (S/H 11931) 

Resistance : 
(Before Heat Flu) 

Total  Resistance 
Lead Resistance 
Calorimeter Resistance 

- O h s  

, 054.2 
03-35 
0 407 

s .  

. ,  . . .  
. .  



u.- 

I OBSERVER LABORATORY &'-275 E&m ENGINEER E* std.tz 

Heat Flux 

Ehuj. No. 1 3 0 0 0  13.74 * 

Run No. 2 2.98 13.68 
R u  No. 3 3.00 13.60 
Run No. l+ 3.00 . 13.68 

Resistance: 
7- azlcl Before 2nd Heat Flux) 

_II Ohms 

Total Resistance . 523 
h a d  Fbsistance .=5 
C d . O I Z b l S t 0 r  & S i 8 t a C e  0398 

Calibration 
Heat Flux 

. Heat Flux S t e a d y  State Output 
@!N/F@-Sec 0 1 (~.5illszJolts 1 . 

2.93 . 13.65 . .  b NO. 1 . 
Run NO. 2 2-93 23.60 

Second Calibration . .  
Heat nux Heat pux Steady State Output 

BTU/Ft -Set.) (14i.Uvolts 1 

RaLn No. 1 , 2.98 13 *60 
Ib Nom 2 . 2.99 
Run No. 3 . 2.99 
Run No. 4 2.99 

Resistance : 
T u t e r  Heat nux) 

Ohms 

Total  Resistance e 890 

- .  

Lead Rmistarace .GO 
Calorheter Resistance .a0 

! 
I 
I 
I 



I 

Acoustical  Xoise Post Emrimmental  Test (S/N 11931) 

Acceleration Pre-Emiromrrtdl Test 

Resistance: 
(Before Heat F l u )  - ohms 

Total Resistance 
b a d  Resistance 
Calorims t e r  Re sis t a m e  

1 

Calibration 
Heat Flu: . .  ' 

Heat F l u  Steady State Output . I 

(BTU/Pt?-Sec e ) ~ ~ . l i l l i v o l t s  1 

2.98 13 * 59 
20% 3.3.60 
2.99 13.55 

Ttw NO, 3. 
I 

Run No* 2 
Run Noe 3 ' 

Resistance : 
- m t  Flux) 

_c_ Ohms 

Tota l  Resistance . $90 
Lead Resistance e 480 
Calorimeter Resistance 405 

Acceleration Pos t  Environmental. Test 

Randox Vibration P re -b~onmen ta l  

(SA{ XI-931) 

Resistance: . .  
(i3eroret nux) pl?ms 

T o t a l  Fiesistace 0 695 
Lead I iesistance 
Calorimeter Resistance 4 . 5  

Cdibra  t ion 



.*-" 
OaSERVER LABORATORY Hm ENGINEER 

Accdleration Post Enhnrnental  Test (Contvd) 

Randon Vibration Pre-?3rvironmental Test 

Total Resistance 
Lead Resistance 
Cd.O*tW b S i S k I l C 0  

(Conk0 d) 

Random Vibration Post Enviromental T e s t  

2-lechanical Shock Pre-Environmental Test 

(S/N Xi921) . -  

Resistance : 
(Brtforeat nux) 

Total Re'siatance ' 0895 
h a d  Resistance .uo 
Calorimeter Resistance 4 . 5  

Calibration ' 

Feat Flux Heat Flux Steady State Output 

Run NO. 1 3-00 13 0 57 
3.00 13.57 
3.00 13.60 

Run NO. 2 
NO. 3 

h (B!iTJ/F@-Sec .l (PILlUivolts) 

Rssistance 
(Aftert nux) - ohms 

Lead Resistance ' -GO 
Total Resistance 0995 

Calorimeter Resistance ' 

Pfechanical Shock Post IErrrirommtal Test 

Operational Period Pre -Emimmtd  T e s t  

(S/N U931) 
. I  

Ohms 
Rcsista_nce, 
(Before& F l u )  _I_ 

T o t a l  Resistance a e 9 0 0  
h a d  Resistance e 400 
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* 6.2. >:=- lSSlLE b S P A C E  S Y S T E F J S  D l V l S I O N  

i POUGLAS A1WCRAFT C O M P A N Y ,  INC, I‘ .... 
%. 

ATA SIlEET 
t a r )  . a  SM-19 
lt 

“‘ DATE 

SUBJ 

D.W.O. D . R . O .  02% MODEL NO. m-4 TEST NO, s.o.%9 - 6ou 
OBJECT OF THIS DATA NMiber u93572-501 s/i 3J.932. 

OBSERVER LABORATORY A-275 E/”E-m ENGiNEER Re Ea 

, .  

(Contvd) 

esatiornl Period h-EnvlK, * m e n t a l  T e s t  (Contcd) I .  

Calibrathn 
H e a t  Flu 

Run No. 1 
Run No.’ 2 
R u ~  NO. 3 

Heat Flu Shady State Output 
i m / F t 2 S e c e l  ( ~ l l i v o l t s )  

3.m 13 65 
13 . 60 
33-55 

Resist ce 
- ( A t  Flux) 

Total Resistance e 900 
Lead Resistance .400 ,. 

Calorineter Resistance e 5 0 0  . * .  

Operational Period Post Emhnmentd  Test ( S f i  11931) 

Resistance 
- ( ( a t  FIU) - Ohms 

Total Resistance ,900 
Lead Resistance . .400 
Calorimeter Resistance .m 

Resistance : 
lAftert  nu) 

Tota l  Resistance 
Lead Resistance 
Calorimeter Resistance 

I .  

Heat Flux 8’ 

Calibration 
Heat Flux 

lm/Ft;2-Sec e I .  

M N o .  1 3.00 
M No. 2 3.00 

e735 .us 
.m 

a t e :  The varizbions which OCCUP in the ,sad rwislance, a m  due to the  
use of different 1 



Re E. Stol ta  OBS i R VE R LABORATORY A-275 Efia ENGINEER 

&ziditv Prs-EmWnmsntEd, T& (S/N 23936) 
iiesistznce : 
Deforo Heat 

Ohm 
I__ 

Total Resistance 
Lead Resistance 
Cd.oz5meter Resistance 

CdLibration: 
Heat i;2ws 

Heat Flux Steady State Output 
lB"iZi/Ft*-Sec , 1 &iUivol t  s 1 , 

Iku? No. 1 2.98 13 e 7 7  
2.98 13 * 60 

1 L3& Run No. 2 
Iktn NO, 3 2098 

~. 
Rssistance : 
TAfter Ist Callbratian and before 2nd Calibration Hoat Flux) 

Total Resistance 531 
Lead Resistance .=5 
Calorimeter Resistance e 406 

Calibration: 
&&JgJ&- Steady State ouLpu%' 

( I * r i v o l t s )  
Heat Flux 

iBTU/Ft2-Sec e ) 

itun No. 1 2*98 
F&u~ NO e 2 2.99 
Run No, 3 2.98 

Second Calibration 
Heat Flux Heat Flux Steady State Output 

@mJ/Ft2-Sec 0 1 

2U.n No. 1 2.9.9 . 13 * 50 
2.99 33040 
2.98 13 e39 

-&in No. 2 
Run No. 3 

Resis-bancs : 
(Aftert nu! - Ohms 

Tot& Resistance 0904 
Lead Resistance ,1180 ' 

Calorimeter Resistance 4 2 4  



.. OBSERVER LABORATORY A 4 7 5  E h - N g  ENGINEER R e  Eo S t o l k ~  I. 
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,h c c * *-. 

' Axis: Radial 
1 Vi<rT,ical Sensitivity: 045 volts/cm. 
a H o r i z o n t a l  S e n a i t i v i t y :  

*,- 1 
I millivolts = J S  I 5hcck d c r a t i o n  = 1 mi l l i s econd  

Shocti amplitude = cI 's  
Aceelaromotor  monitoring shock t e e %  ! wzs nountad  on t e s t  f ix ture .  

l 3hock ffl i n  Radial axis 

. - '  0.2 - * :  . i i s e c / c e n t i m e t e r  

'i 
i 

f 
Axis: Radial 
VerticiLi 5snsr t iv i ty :  0,5 volts/cm. 

I k r i z o n t a l  5ensl tivityr: 



r*- - - . . . . -"crc . - ."- -rrr~-- - . . -  - - I- 

1 I , k t s :  Thrust, 
I Vt.rtic-11 S e n s i t i v i t y :  0.5 volts/cm. 
j So r i z oat; h 1 2 en sit i v i  t y : 

- 
0,2 m i 1  l i s ec / cen t ime te  

m i l l i v o l t s  r 2"s  
i m o c k  d u r a t i o n  = I r - i l l i s e c o n d  ' Shock .UZplftuda 2's 

L hccelcrometer m o m  ~o r i n g  shock t e a t  
i 

rL-.*..-.'.4*y 
I. c . ,-, w;s mounted on t e s t  fixture, 

i Shock ti2 T~F;.sL kcis 
i 

r---; i i 

i--.*quyuyLI I 

i 
I-- 1 

,ix5.s: T h r u s t  
V e f i i c b l  Gensitivity: 0.5 volts/cm, 
; -hr izontal  S e n s i t i v i t y :  

0.2 nil;  isec,/centic,ete 
millivolts = 2 ' s  

shock d u r a t i o n  = 1 mil l i s econd  
2r.ock amplitude = G ' s  
k c c e l e r o n e t e r  monitor ing shock tes t  
w2.s nounted on t e s t  fixture. 

f Shock #3 Thrus t  Axis 

I 
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.! 

. 

?x ia  t Tangcntinl  
V w t i c a l  Sans i t i v i ty :  0,5 volts/cn. 
Horizontal S m e l t  i v i t y  r 

0,2 nj.~.l iosc/centimetss 
' ~ l l i v o l t a  6's 

Shock durat ion - 1 millieecond 
Shock axp1itud.s 9 G ' B  
kccslci*oometor monitoring shock t o s t  
was rnountod on t o p t  fixture, 
Shoek 82 in t angent ia l  axis 
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